Phragmites australis, Potamogeton pectinatus, Potamogeton perfoliatus and Ceratophyllum demersum were selected to study concentrations of PAHs in lotic ecosystems. Six sampling sites were selected along Al-Hilla River and sampling was conducted in 2010 and 2011. Sixteen PAHs listed as priority pollutants were detected in the samples collected, including Naphthalene (Nap), Acenaphthylene (Acpy), Acenaphthene ( .87 µg/g Dw for Ant and Nap, respectively. The accumulation potential of PAHs was also investigated by calculating the Bioconcentration Factor (BCF) and Bio-sediment Accumulation Factor (BSAF). The ranges of BCF ratios were 0.05 to 5334.5, 0.08 to 1602.5, 0.01 to 536.6, 0.16 to 1882 in P. australis, P. perfoliatus, P. pectinatus and C. demersum, respectively. The range of BSAF ratios were 3.14 to 1041.6 and 1.5 to 2920.8 in P. australis and P. perfoliatus, respectively.
Introduction
The race to build factories in different countries of the world increases environmental degradation caused by various pollutants and one of these pollutants is polycyclic aromatic hydrocarbons (PAHs). PAHs are a class of organic compounds consisting of two or more aromatic rings [1] . Based on their formation, PAHs can be pyrogenic, petrogenic, diagenic or biogenic [2] [3] . Pyrogenic PAHs are derived from the incomplete combustion of various fuels, oil and gas, garbage, or other organic substances like tobacco or charbroiled meat [4] .
PAHs exist in the environment and are distributed in both aquatic and terrestrial environments. Due to their properties such as low aqueous solubility and hydrophobic nature, PAHs are most likely found bound in soils and sediments, and accumulated in the food chain, due to affinity to fatty tissues of organisms [5] . PAHs constituents of non-aqueous phase liquids, make them largely unavailable to microorganisms [6] . Of particular interest in the environment is the acute lethal and sub-lethal toxic effect in freshwater organisms at very low aqueous concentrations [7] .
The uptake of large molecules by plant cells is difficult depending on the structure of the cell wall system, especially when they are lipophilic [8] .
Prasad et al. [9] revealed that aquatic plants have the ability to uptake bioavailable compounds through their thin cuticle. Rooted aquatic plants have a bioavailabitiy role [10] [11] .
Most plant species are sensitive to PAHs to some degree since PAHs can limit primary productivity and constrain total biological activity in an ecosystem [10] . Accumulation of PAHs by plants represents an entry point of hazardous compounds into the food web, initiating a biomagnification process [12] [13] . Plants can be used as a guard species for PAH contamination detection in the environment [14] . Further, a rapid assessment of negative impacts of PAHs can be detected by using plants as a bioindicator [15] [16] . As an added benefit, bioindicators reveal a great deal about the underlying mechanisms of toxicity [17] [18] . Plants that can tolerate contaminated sites can generate a large biomass to remediate PAHs [8] [19] .
In aquatic systems, assimilation of contaminants by plants is rapid and efficient, even from sediment, and because of higher affinity of organics to plant tissues than the aqueous phase, the BCFs can be very high [20] . Plants can also assimilate organics following aerial deposition on the leaves [21] , thus the contaminants received in this manner can be highly toxic, and represent an important entry point of organic compounds into the food chain. Plants grown in areas with high PAH loads in the soil or air have high bioconcentrations of PAHs [12] , because PAHs are lipophilic and tend to accumulate in plants, especially in membrane bilayers [20] [21] .
The present study dealt with the fate of PAHs in some macrophytes, in addition to their concentrations and origin of some PAHs in macrophytes.
Material and Methods

Study Area
Six sites were selected along Al-Hilla River (Figure 1 ) as described in Hassan et al. [22] and Salman et al. [5] . Table 1 illustrates global positioning system (GPS) locations.
The studied macrophytes (Phragmites australis, Potamogeton pectinatus, Potamogeton perfoliatus and Ceratophyllum demersum) were observed at all sites. Samples were collected between March 2010 and February 2011. Data pertaining to the physicochemical characterization and PAH concentrations in water and sediment of AlHilla River was taken from Hassan et al. [22] .
Macrophytes Sampling
Macrophyte samples were sequentially washed with river water, tap water, and distilled water, dried at 15˚C and wrapped in aluminum. Fresh samples were also wrapped, labeled and frozen at −20˚C for subsequent lipid content determination [23] .
Extraction of PAHs
Dried specimens were sieved (63 mesh sieve) and 10 g of plant material were well mixed in a metal blender with 50 ml acetone for 5 minutes. The solution was left overnight in a dark and cold location. After shaking for one hour, the solution was separated and the extract placed in dark glass containers. This step was repeated three times [24] . The solution was centrifuged at 2500 RPM for 5 minutes. Then the supernatant solution was transferred to a flask with 50 ml Hexan and 100 ml deionized water. Upon separation, the upper layer was collected and 50 ml KOH (20 ml aqueous solution in ethanol) was added. The solution was reduced to 10 ml by rotary evaporator and transferred to a cleanup process [25] .
Clean-Up Process
Because the extract contains complex components, the clean-up procedure was undertaken by column chromatography using 25 cm of deactivated silica gel (60 -120 mesh) packed in a glass column (250 mm × 15 mm internal diameter) and Tetrachloromethane for six hours, followed by heat activation at 250˚C for 12 hours and then cooled and deactivated with water (10%). After deactivation, the solution was stored in an air-tight dark glass and used within 72 hours. The column was pre-eluted with 10 ml Hexane and the extract was passed through the column and eluted with 50 ml Benzene to separate all PAH compounds [23] [26].
Lipid Determination
In a pre-weighted round flask, add 10 g wet homogenate tissue and 50 g anhydrous sodium to 250 ml of acetone. Allow to evaporate to dryness and re-weigh. The difference between these weights of flask referrers to lipid content [24] .
Blank
Laboratory reagents and glassware were analyzed with each sample to check if any interference that may have been introduced during the extraction and analytical procedure [27] [28].
Analysis of PAHs
Both hexane and benzene were evaporated to dryness by rotary evaporator and the residue was dissolved with 1 ml (90:10) Acetonitrile:Methanol. The extract was stored at −20˚C until analysis by high performance liquid chromatography. 
Standard Solution
Bioconcentration Factor (BCF) and Biosediment Accumulation Factor (BSAF)
BCF(l/g) = PAH concentration in specimen/PAH concentration in water. BSAF = PAH concentration in specimen (µg/g)/PAH concentration in sediment (µg/g) × Total Organic Carbon (µg/g)/Lipid content (µg/g).
Toxicity of Carcinogenic PAHs
Seven carcinogenic PAHs (c-PAHs) were selected according to EPA (1993): B (a) P, B (a) A, B (b) F, B (k)F, Chry, DbA and Ind ( Table 2 ). The toxicity equivalency factor (TEF) was calculated (see below) to assess the risks of a mixture with a related compound Method B cleanup level (EPA, 1993) relative to B (a) P). TEF = Concentration of c-PAH × equivalent related compound. Total Toxicity Equivalence Concentration (TTEC) = ΣTEF. It must not exceed the method by cleanup level for B (a) P (0.137 µg/g) [29] [30]. The average concentration for each PAH compound and maximum mean for it were compared with standard criteria in Table 2 . Table 2 . Standard criteria for Equivalent c-PAHs [31] . 
PAH Origin
The PAH origin was assessed according to ratios (Phe/Ant, Chry/BaA, Flu/Pyr, Flu/(Flu + Pyr) and low molecular weight/high molecular weight [32] [33].
Statistical Analysis
The results were analyzed statistically by SPSS (ANOVA, Mean and Standard Deviation) and Canoco for Windows 4.5 (CCA) for the relationships among all tests in the current study.
Results and Discussion
Many studies have considered lower and higher plants as bioindicators and biomonitors [34] [35] , and also the usage of aquatic plants in wastewater treatment, detoxification and phytoremediation [36] - [38] .
The results of quality and quantity of PAH compounds in selected aquatic plants are shown in Tables The variation between aquatic plants may be due to the ability of P. australis to absorb the pollutants from sediment and water [39] [40] , and its high growth rate and luxury accumulation of major nutrients in stems, roots, and rhizomes [41] - [43] . Other studied macrophytes exhibit lower values because these plants are non-rooted submerged macrophytes, which depend on compound availability in the water column [44] [45]. The high PAH concentration in all studied plants, dominated by B(ghi)P indicates the source of PAH pollution is likely to be municipal and medical/pathological waste incinerators [46] and can also be attributed to high levels of automobile emissions (known to contain high levels of it relative to other PAHs) [47] [48] . B(ghi)P is strongly adsorbed to sediment organic matter as its high molecular weight (HMW) renders it resistant to microbial and photo-degradation [49] - [51] , so it is expected that greater concentrations of HMW-PAHs are detected during the hot season.
There are significant differences in the concentration of PAHs among studies macrophytes (Figure 2 ). These differences may be related to the nature of the growth substrate for studied macrophytes, tolerance to environmental conditions for each species, lipid components of plant and surface area that affect the rate of interception and accumulation of PAHs [52] - [54] . Elevated temperature and photic levels (such as during summer) contribute to elevated PAH photo-degradation and can affect the uptake of pollutants in plants as a result, higher concentrations have been recorded during the cold season than the hot season [55] .
The PAH origin in the aquatic plants is pyrogenic (Tables 7-10); Al-Hilla River is surrounded by oil fields with flared gas, and crude oil residues and automotive exhaust. Petroleum spills were not evident during the study period. In addition to pyrogenic origin, Al-Taee [56] and Hassan et al. [22] identified petrogenic.
The accumulation of environmental pollution in living organisms is estimated by BCF. The BCF in the aquatic environment is calculated as the ratio of the xenobiotic concentration in the organism to its concentration in the medium [57] [58] . BCF depends on the presence of other organisms or pollutants in the medium and on the contents of lipids in living cells [59] . A greater content of lipids in the organisms causes an increase of the BCF for hydrophobic hydrocarbons and also increases the cytotoxic activity [57] .
BCF ranged from 0.05 -5664.5 for Acp and B(a)P at Sites 4 and 1, respectively for P. australis and 0.01 -1241 for Acp and B(a)P at Sites 6 and 2 respectively in P. pectinatus. BCF ranges in P. perfoliatus 0.08 -1602 for Ant and B(a)P at Sites 6 and 1, respectively. BCF in C. demersum ranged from 0.16 -1141.3 for B(b)F and B(a)P at Sites 5 and 2, respectively. The BSAF ranged from 3.14 -1041 for Acp and Acpy at Sites 6 and 1, respectively, for P. australis, and in P. pectinatus ranged from 1.51 for Phe at Site 6 and 976.7 for Ind at Site 6. The differentiation in results may be due to a combination of plant species, lipid content or surface area in contact with water and sediment [5] [60] .
